ABSTRACT: Riparian countries of the Caspian Sea have been evaluating the pros and cons of the predatory ctenophore Beroe ovata as a control agent against the invasive ctenophore Mnemiopsis leidyi, which has enormous adverse impacts on the fishery resources as well as on the biodiversity in this once fertile sea. To assess the viability of B. ovata establishment in the Caspian Sea, the survival and some physiological characteristics (feeding, respiration, reproduction and growth) of the predatory ctenophore were studied in Caspian Sea water (12.6 ppt salinity) conditions using animals transported from the Black and Marmara Seas to a laboratory on the Iranian Caspian coast. The findings of the study showed that when salinity was gradually decreased from 22 to 12.6 ppt, B. ovata were able to adapt well to Caspian Sea water. Most of the predatory ctenophores began to swim actively and to feed on M. leidyi within 15 to 30 min following each step of acclimation. The feeding rate of B. ovata ranged from 14 to 765% of body wet weight and was highest for smaller individuals (i.e. 13 to 16 mm). Over the measured weight range of 0.23 to 3.87 g wet wt, the weight-specific respiration rate was independent of weight. The daily specific growth rate of adult ctenophores was 7 to 11% of body wet wt. B. ovata specimens were spawned and their eggs were hatched in Caspian Sea water, but the larvae survived for only a few hours. The energy budget of B. ovata calculated from food consumption, respiration and growth rates revealed a mean assimilation efficiency of 0.72 ± 0.1, a gross growth efficiency (K 1 ) of 0.48 ± 0.12 and a net efficiency (K 2 ) of 0.66 ± 0.06. Based on these physiological data, we suggest that in the Caspian Sea, B. ovata will be able to ingest M. leidyi intensively. However, concerning the reduction of the M. leidyi population and consequently the reversal of its adverse impact on this ecosystem, the failure of larval growth observed under experimental conditions (most probably due to poor handling) remains the main obstacle to overcome in the successful establishment of B. ovata in the Caspian Sea. 
INTRODUCTION
At the end of the 1980s, the Black Sea ecosystem experienced an unprecendented impact from the invasion of the ctenophore Mnemiopsis leidyi, a voracious mesozooplankton predator, transported by the ballast waters of ships from the northwestern Atlantic coastal region (Vinogradov et al. 1989 ). This comb jelly consumed a considerable fraction of the zooplankton (Finenko & Romanova 2000) that had been the food for pelagic fish and their larvae before its arrival. One of the dramatic consequences of the M. leidyi invasion was the sharp drop in commercial catches of planktivorous fish (mainly the anchovy Engraulis encrasicolus L.) in the Black Sea (Kideys 1994 , Prodanov et al. 1997 , Shiganova 1997 , 1998 .
The arrival, at the end of the 1990s, of another alien ctenophore, Beroe ovata, a known predator of Mnemiopsis leidyi (Kremer & Nixon 1976) , resulted in the significant decrease of the biomass of the latter and hence the recovery of zooplankton and ichtyoplankton quantities (Shiganova et al. 2000 , Finenko et al. 2001 , 2003 , Gubanova et al. 2001 , Kideys & Romanova 2001 , Kideys 2002 . All these studies confirmed that B. ovata feeds almost exclusively on M. leidyi in the Black Sea. After the B. ovata invasion, the presence of M. leidyi in this sea was limited to about 2 mo only (i.e. July and August; Finenko et al. 2003) as opposed to its year round notable occurrences in the past (Mutlu 1999) . Presently, when M. leidyi reaches peak values in this period, B. ovata starts to increase sharply and within 2 wk this predator decimates the levels of M. leidyi very effectively (Finenko et al. 2003) . As a consequence of this top-down control, considerable increases in copepod abundance as a whole, and some copepod species (Acartia clausi, Paracalanus parvus, Centropages ponticus) in particular, were observed in the last 2 to 3 yr (Finenko et al. 2003) , during which time catch values of Turkish pelagic fishery from the Black Sea has been at record levels (A. E. Kideys 2002, unpubl.) .
A warning that Mnemiopsis leidyi might also invade the Caspian Sea had been voiced as early as 1995 (Dumont 1995 , GESAMP 1997 . Unfortunately, at the end of the 1990s the invasion of M. leidyi in the Caspian Sea was already being reported (Ivanov et al. 2000) . It must have also been transported in the ballast waters of ships traveling from the Black Sea (salinity generally 18 ppt) or the Sea of Azov (where M. leidyi occurs in warm months) to the Caspian Sea (salinity generally 12 to 13 ppt) through the Volga Don Canal. Investigations in the Caspian Sea showed that in July 2000, M. leidyi was distributed mainly in the middle and southern Caspian Sea. By September 2000, it was found everywhere including the northern Caspian where the salinity can be as low as 4 ppt. The density of M. leidyi ranged between 3 and 100 ind. m -2 in July, and in October it increased up to 170 ind. m -2 (Shiganova et al. 2001b ). ) with an average value of 121 g m -2 (or 3.7 g m -3
). It is worth noting that the majority of M. leidyi were present above the thermocline (at 25 to 50 m) in August 2001. The impact of Mnemiopsis leidyi on the Caspian Sea ecosystem already seems to be even worse than in the Black Sea due to the greater sensitivity of this closed basin (Kideys et al. 2001a (Kideys et al. ,b, 2002 . Within 2 yr, very significant decreases in the quantity of mesozooplankton in the northern (Shiganova et al. 2001b ) and southern Caspian Sea (A. Roohi unpubl.) were found. Notable decreases were observed in the pelagic (mainly kilka Clupeonella spp.) fishery of all countries bordering the Caspian Sea: almost a 50% decrease in the kilka catches of both Iranian and Azerbaijan fisheries had occurred during 1999 and 2001, resulting in great economic losses (Kideys et al. 2001a,b) . Russian catches were also reported as decreasing remarkably (Shiganova et al. 2001b) . Not only pelagic fishes, but also some large predators feeding on these fish such as white sturgeon Huso huso and the endemic Caspian seal Phoca caspica are also under threat of significant population decrease.
Investigations in the Black Sea have shown that Beroe ovata feeds almost exclusively on Mnemiopsis leidyi and is very effective in controlling its levels (Finenko et al. 2000 , 2001 , 2003 , Kideys et al. 2000 , Shiganova et al. 2001a . During the 'First International Workshop on the Invasion of the Caspian Sea by the comb jelly M. leidyi: Problems, Perspectives and the Need for Action', organized by the Caspian Ecological Program (CEP) in April 2001, it was concluded that B. ovata is the best candidate for controlling the M. leidyi population in the Caspian Sea. Kideys (2002) also stressed that the control of M. leidyi in the Black Sea through its predator B. ovata presented a good example of techniques for dealing with the invasive species problem in regard to other pelagic marine ecosystems in general, and the Caspian Sea in particular.
As a result, the feasibility of Beroe ovata introduction and the evaluation of the potential impact of such an introduction on M. leidyi and other pelagic biota in the Caspian Sea, arose as priority issues. In order to evaluate the potential success of its establishment in this environment, we investigated, along with the idea of transporting B. ovata from the Black Sea into the Khazerabad Fisheries Research Laboratory on the Caspian coast of Iran, the survival and basic physiological characteristics (feeding, respiration, growth and reproduction rates) of B. ovata in Caspian Sea water conditions.
MATERIALS AND METHODS
Acclimation of Beroe ovata to the salinity of Caspian Sea water. Beroe ovata, generally made up of small individuals (10 to 40 mm), were transported in 2 batches to the Khazerabad laboratory (Mazandaran, Iran) on the Caspian coast in September 2001. For the first batch, 30 B. ovata sampled from Sinop, Turkey (southern Black Sea; salinity about 18 ppt) were transported on 11 September in a 10 l jar. Upon arrival, healthy individuals from this batch were put into separate tanks (5 l) for 1 d at 26 ± 1°C in conditions of original salinity. On the next day and for the next 24 h, the salinity was decreased to about 16 ppt, then the individuals were transferred into containers filled solely with Caspian Sea water (12 to 13 ppt).
For the second batch, about 60 Beroe ovata were collected from the Bosphorus, at the Sea of Marmara (salinity around 22 ppt) and flown to Iran on 13 September 2001. Upon arrival to the laboratory, the healthy looking specimens of B. ovata were put into a large tank (15 l) in a temperature-controlled room of 21 ± 1°C. The acclimation of the Black Sea B. ovata to the lower salinity Caspian Sea water was carried out by changing the salinity step by step from 22 to 12.6 ppt: after the first 4 h the salinity was decreased to 17.4 ppt with filtered Caspian Sea water sampled off the coast of Khazerabad (12.6 ppt); during the next few days the salinity was decreased every 9 to 17 h with intermediate salinities of 15.0, 13.5, and finally, 12.6 ppt. Lastly, the behavior of the animals in the new saline conditions was observed, however we did not, unfortunately, keep some of the animals under original salinity as a control group for comparative purposes.
All containers were aerated. After the Beroe ovata acclimated to the salinity of the Caspian Sea, experiments concerning its feeding, respiration, growth and reproduction rates began.
Estimation of ingestion rate and digestion time. To determine the feeding rate of Beroe ovata, several experiments were run starting on 15 September 2001. The first 2 series of short-term (24 h) experiments were conducted at 21 ± 1°C using Marmara specimens. In the first series, a total of 15 B. ovata were individually placed in 3.5 l containers along with 12 Mnemiopsis leidyi specimens of 4 different size groups (< 5, 5-10, 11-15 and 16-30 mm, 3 ctenophores from each size group) as food. Another (16th) container containing only 12 M. leidyi without B. ovata was kept as a control. The length of B. ovata in this experiment ranged from 13 to 35 mm. All B. ovata were starved for at least 24 h before the feeding experiment.
This experiment was designed so that all bottles were monitored every 30 min for a 24 h period. In this way, in addition to the feeding rate, we could determine prey-size preference, digestion time with respect to the prey:predator ratio as well as the interval between the 2 subsequent consumptions in Beroe ovata.
In these conditions, Beroe ovata had many prey available and could feed ad libitum over the whole period. The total biomass of prey was about 1.66 ± 0.31 (mean ± standard deviation) g wet wt l The second series of feeding experiments at 21 ± 1°C (again using Marmara specimens) were conducted in a total of 34 tanks including 1 predator each. This experiment was run to determine the ration value for 3 different sizes of the prey Mnemiopsis leidyi (5 to 6, 10 and 20 to 40 mm) having the same biomass (about 1 g l -1
). Not all the tanks had the same number of prey; the number was determined in order to have the total biomass of prey equivalent in each tank. This differed from the first experiment in that the predator did not have the option of selecting the size of prey, but was only offered 1 size group of the M. leidyi to consume.
A separate feeding experiment was designed at 26 ± 1°C during 16-30 September to determine the digestion time with respect to the size ratio of prey and predator (by using Beroe ovata brought from the Black Sea). The size ranges of prey and predators are given in the next paragraph. In contrast to the first series of experiments these animals were not starved before the experiment. Once ingestion occurred, the B. ovata specimens were monitored in their container (without being isolated) every 15 min until defecation was completed and the gut was empty. Then, knowing the size distribution and density of both ctenophores from field data, this relationship could be used to calculate the maximum potential ingestion rate at sea.
Additionally, to study feeding and growth rates together, from 16 to 30 September, a longer experiment (14 d) was performed at 26 ± 1°C by using Beroe ovata specimens of the Black Sea. Five B. ovata specimens with an initial wet wt of 3.17 to 4.64 g (length 30 to 35 mm) were placed individually in 4.2 l containers where 5 to 15 specimens of Mnemiopsis leidyi (length 10 to 30 mm) had been added, making a concentration of about 1 ind. l -1 . The number of M. leidyi in the containers was counted daily and new prey were added to maintain the initial prey concentration. It is worth noting that although food supply was not thought to be in limitation at this concentration, the results found later (see Fig. 2 ) indicated that the B. ovata had in fact not fed to satiation.
Growth rate. The growth rate was estimated simultaneously with the ration study in the above long-term experiment at 26 ± 1°C. It was estimated in each container every day at the same time from regular measurements of the Beroe ovata length. The B. ovata wet wt was determined from its length as in the feeding experiments.
Respiration rate. Respiration rates were measured on 22 September using a total of 21 Beroe ovata at a temperature of 21 ± 1°C. Individual ctenophores were not fed during the experiment and were kept in the dark in respiration chambers (0.25 l) filled with 112 µm filtered seawater for 7 to 18 h, depending on the size of the ctenophore. The concentration of dissolved oxygen was not allowed to decrease more than 10% of the initial concentration. The dissolved oxygen content was determined by the Winkler method (Strickland & Parsons 1972) .
Reproduction. With the aim of observing the eggs under binocular microscope, tanks with Beroe ovata from each experiment (at 21 and 26°C) were checked every morning following the back filtration of water from the tanks. Thus, the bulk of water was also exchanged every day.
Eggs and early embryos obtained from the fed specimens of Beroe ovata in the tanks with Caspian Sea water were transferred both to beakers (i.e. 100 to 200 ml) and to a set of smaller containers (about 5 ml) where they were examined every several hours to observe the hatching and the development of B. ovata in Caspian Sea water.
Energy content. All the major organic components of the tissue (proteins, lipids, carbohydrates, amino acids) of Mnemiopsis leidyi were quantitatively assayed by routine colorimetric techniques as described earlier (Anninsky 1994). According to their chemical composition, the energy contents of these M. leidyi specimens were then calculated by taking the calorific value of each main biochemical compound into account (i.e. 
RESULTS

Acclimation of Beroe ovata to the salinity of Caspian Sea water
After the salinity was changed from 22 to 17.4 ppt, the Beroe ovata (collected from the Bosphorus) first gathered near the bottom of the container. Some specimens even stopped beating their cilia. After 20 min, almost all B. ovata specimens were again active, both in the water column and near the bottom. In the following 10 to 30 min, they were swimming in the water column and had Mnemiopsis leidyi in their stomachs. During the consecutive transfers from high to low salinities (17.4, 15.2, 13.5 and 12.6 ppt) they were in normal condition and did not show any behavioral change. Within 15 to 30 min of each transfer, most of the B. ovata specimens had begun to swim actively and feed on M. leidyi.
The Beroe ovata (collected from Sinop, southern Black Sea) transferred from 18 to 16 ppt and then into the Caspian water did not stop beating their cilia, and continued to feed and swim as they did in the Black Sea water.
Ration and digestion time in Beroe ovata
In the first series of short-term (24 h) feeding experiments, the same amount of Mnemiopsis leidyi of different biomass were offered to Beroe ovata in 4 different size groups. All sizes of B. ovata intensively consumed all sizes of M. leidyi offered (Table 1) . However, the largest M. leidyi specimens were preferred by all the different size groups of the predator ctenophore. In terms of biomass, small M. leidyi (< 5 mm) were not consumed intensively and composed an insignificant part of the daily ration: 2.6% (n = 7) for B. ovata with a length of 13 to 20 mm, 1.0% (n = 4) for B. ovata with a length of 21 to 27 mm and 4.5% (n = 6) for the largest B. ovata with a length of 28 to 30 mm. Thus, under conditions of possible selection and high prey density (number per volume), B. ovata preferred large and medium-sized M. leidyi to meet their food requirements. The daily rations were very high and ranged from 45 to 765% of B. ovata body wet wt, the highest being found in small B. ovata (13 to 20 mm). In this short-term experiment, where B. ovata were starved prior to the experiment, the feeding intensity decreased sharply throughout the 24 h experimental period (Fig. 1) . While almost 50% of B. ovata fed within the first 3 h, only 25% had engulfed prey within the next 3 h and the remainder were observed feeding during the following 18 h of the experiment. In the second series of feeding experiments, Mnemiopsis leidyi of different sizes were offered to individual Beroe ovata specimens (n = 34) in equal biomass concentrations (about 1 g wet wt l -1 ) but separately and in different quantities. The maximum daily rations of B. ovata were observed when they consumed large M. leidyi, but they could intensively ingest the small M. leidyi too, and the ranges for specific daily rations were very close to each other when feeding on different sizes of M. leidyi (Table 2 ). The weight specific ration had the largest range of 13.7 to 267% for B. ovata of 9 to 30 mm feeding on M. leidyi of 5 mm in length.
The relationship between the specific daily ration (SDR, g g -1 d
-1
) and Beroe ovata wet wt at 2 different types of prey biomass (I = 1.6; II = 1.0 g l -1 ) (Fig. 2) , could be described with 2 different power functions: The difference between specific daily rations at tested food conditions showed that food concentration is an important factor in B. ovata feeding.
The digestion time for Beroe ovata feeding on Mnemiopsis leidyi at 21°C ranged from 65 to 210 min in the studied length range of both ctenophores (13 to 24 mm for B. ovata and 2 to 18 mm for M. leidyi). The interval between the following 2 consumptions was 415 ± 298 min on average. Each size of B. ovata consumed both small and large M. leidyi, however neither predator nor prey size analyzed separately had a statistically significant effect on digestion time (according to the regression analysis at 5% confidence level). On the other hand the prey:predator weight ratio appeared to be effective concerning digestion time in regard to the 115 Fig. 1 . Beroe ovata. Decrease in feeding intensity during the first short-term feeding experiment. Animals were starved for 24 h before the experiment Fig. 2 . Beroe ovata. Effect of body weight on specific daily ration (SDR) at 1.66 g l -1 (I: first short-term feeding experiment; SDR = 3.18W -0.84 , r 2 = 0.85) and 1.00 g l -1 (II: second short-term feeding experiment; SDR = 0.84W -0.90 , r 2 = 0.70) food concentrations, both at 21°C where D is digestion time in min and P is prey:predator weight ratio. At 26°C, the digestion time did not fit the prey:predator ratio well, although it averaged 99 ± 57 min for B. ovata and M. leidyi of 25 to 42 and 10 to 20 mm in length, respectively.
Ingestion rate in long-term experiments
The rations in these experiments were obtained for ctenophores in conditions of permanent presence of prey, although some experimental tanks were later revealed as not having an unlimited food supply (see Fig. 2 ). Despite this, there was a strong periodicity in feeding (Fig. 4) which was not related to light conditions or to the time of day, but more to the intensity of the previous feeding; ingestion of a large portion of food was followed by a low feeding rate. The average daily rations during this 14 d experiment ranged from 26 to 43% wet wt for the 5 individuals with an initial wet wt of 3.2 to 4.6 g that could vary between 0 to 95% wet wt per day.
Respiration rate
The relationship between the oxygen consumption rate (R, ml O 2 ind.
-1 h -1
) and wet wt of Beroe ovata (W, g) at 21°C was expressed by the equation (Fig. 5) :
The weight-specific coefficient was 1.02, indicating that the weight-specific respiration rate is independent of weight over the measured wet wt range (0.23 to 3.87 g). 
Growth rate and energy budget
Of the 4 specimens selected for this experiment, the growth of 3 specimens (initial wet wt of 3.17 g each; Table 3 and Fig. 6 ) was recorded, as only one did not grow and decreased its weight despite being fed. The mean daily ration of the latter ctenophore was minimal (25.8 ± 9.6% wet wt) compared to the other 3 specimens. The reason for the low feeding intensity of this specimen could be either the damage observed around the mouth (perhaps due to frequent contact with the walls of the small 4 l container) or some peculiarities in its physiological condition.
The wet wt for the 3 Beroe ovata of similar initial weight (3.17 g) increased during the experiment and their growth could be expressed with exponential functions with growth coefficients ranging from 0.067 to 0.115 (Fig. 6) .
The energy budget of Beroe ovata was calculated on the basis of food consumption, respiration and growth rates obtained in long-term experiments (Table 3) . From our measurements, the average value regarding energy content for all sizes of Mnemiopsis leidyi was 6.8 ± 0.2 cal g -1 wet wt (B. Anninsky et al. unpubl.), which was similar to values calculated from the Black Sea measurements (Anninsky 1994). Unfortunately, to calculate the energy budget of ctenophores in our experiments, we did not measure the energy content of B. ovata in Caspian water, but, instead, used the values given by Finenko el al. (2001) for the Black Sea B. ovata caloricity (17 cal g -1 wet wt). The mean assimilation efficiency in ctenophores with initial wet wt of 3.17 g was calculated to be 0.73 ± 0.09, and the gross and net growth efficiencies were K 1 = 0.48 ± 0.09 and K 2 = 0.66 ± 0.04, respectively (Table 3) .
Reproduction
After 24 h, about 10 and 70% of the total eggs survived in beakers and in smaller containers, respectively. Only 2 hatched larvae were found; 1 in a beaker and 1 in a small container. After the second 24 h, 20% of all eggs were still alive but had not developed. One larva in a small container did, however, continue to develop, but after a further 24 h, all embryos and larvae were dead.
During the following days, 2 to 27 of the eggs of fed Beroe ovata, comprising in total 78 eggs, were obtained from different tanks at a temperature of 21°C. Most of the eggs were obtained from tanks where experiments for B. ovata growth were conducted. However, the development of eggs was not successful. Only 5 developed into larvae, which died within a few hours.
Thus, during the experiments, 138 eggs of Beroe ovata were obtained and 7 larvae were hatched. Although we were successful at getting adult B. ovata to produce eggs, only a small fraction of these hatched, and no larvae survived after 24 h. It is worthwhile noting that no attempt was made to feed the larvae.
DISCUSSION
Our experiments showed that Beroe ovata could live and grow in Caspian Sea water. However, B. ovata should be acclimated gradually over a period of a few days from the 18 and 22 ppt of the Black and Marmara Seas, respectively, to the lower salinity of the Caspian water. We found also that it is safer not to decrease salinity more than 2 to 3 ppt per day. During our experiments of about 1 mo duration, we managed to keep B. ovata alive in Caspian Sea water (at a salinity of 12.6 ppt and a temperature of 21°C). The feeding rate for Beroe ovata at salinity 12.6 ppt was high and ranged from 14 to 765% of body wet wt with the highest values corresponding to small ctenophores (13 to 16 mm). These values are close to those assessed at the Black Sea (salinity at 18 ppt) where the daily ration of adult ctenophores in the experiments with high food abundance was found to range, from the largest to the smallest animals, from 5 to 460% of body wet wt (Finenko et al. 2003) . Ctenophores alternate periods of intensive feeding with periods of starvation or low feeding. They can ingest enough food at one time to satisfy their optimal nutritional requirements for a long time in this way, which tends to maximize their net rate of energy gain or minimize its loss. B. ovata of all sizes ingested both small and large prey. The finding that feeding on smaller specimens is effective is important when one considers the size structure of the Mnemiopsis leidyi population in the Caspian Sea, which, all year round, is mainly made up of small animals of less than 10 mm (Kideys & Moghim 2003) . Unfortunately, we do not know at which size they become lobate, though many small specimens in our experiments were noted to be lobate. It is worth noting that this smaller-sized M. leidyi without developed lobes have been observed not to have mature eggs (A. Moss & A. E. Kideys unpubl.) .
There was a correlation between digestion time and prey:predator weight ratio in B. ovata in our Caspian experiments that was similar to those observed at the Black Sea (at a salinity of 18 ppt; Finenko et al. 2001) . However, this could be an artifact despite similar prey:predator ratios; the sizes of both ctenophores are larger in the Black Sea compared to those in the Caspian. Indeed, ctenophore digestion time from the latter was 1.5 times lower than that in the Black Sea.
The specific respiration rate of Beroe ovata in the Caspian Sea water was 1.5 to 2.3 times lower than those in the different regions of the Black Sea (Finenko et al. 2001 , Shiganova et al. 2001a , Vostokov et al. 2001 ) and the Atlantic Ocean (Kremer et al. 1986 ), where it was calculated both in terms of wet wt and carbon content (Table 4 ). It is difficult to explain this difference in light of the effect of low salinity alone. Another reason could be the short acclimation period of ctenophores in our experiments to low salinity as opposed to the usual 2 wk acclimation period given in published studies (Khlebovich 1974) .
The coefficient of exponential growth (k) can be used as a basis of comparison between different animals. The upper limit of the specific daily growth rate of gelatinous carnivores can be as high as > 70% in the early stages (i.e. during the first days of development) in a condition of nonlimited food availability that is reduced to low values as a result of temperature decrease or deterioration of food conditions (Table 5 ). The daily specific growth rate of Beroe ovata in Caspian Sea water was equal to 7 to 11% of body wet wt (disregarding 1 large B. ovata that lost weight at low feeding rate). These values were obtained for adult B. ovata with an initial length of 30 mm when daily rations ranged from 26 to 43% of body wet wt. Similar values were characteristic of the Black Sea B. ovata in laboratory feeding experiments when ctenophores consumed about 50% of their body wet wt daily (Finenko et al. 2003) . Greve (1970) estimated the daily specific growth rate of the juvenile B. cucumis with a size of 5 to 15 mm to be as high as 40% of body wet wt at 16°C and Kamshilov (1960) reported the lowest values of 2 to 4% in the Barents Sea for the adult B. cucumis (unfortunately no temperature value is given, however, even in summer the sea surface temperature is rarely known to exceed 5°C).
In the long-term experiment, growth, food and oxygen consumption rates were measured in the same animals. Assimilation efficiency was calculated by the difference between ration and assimilated (respiration plus growth rates) energy. Although the Beroe ovata laid some eggs, we did not include them in calculation because of their insignificance in regards to the energy budget. The assimilation, gross (K 1 ) and net (K 2 ) growth efficiencies correspond closely to that measured for other gelatinous carnivores (Table 6 ). The high values of gross and net growth efficiencies (up to 40 to 55% for K 1 and up to 80% for K 2 ) were observed in the high food provision of small animals where both coefficients decreased with ctenophore size. Results of our experiments showed that Beroe ovata can spawn in the Caspian seawater and eggs can hatch. However, future experiments are needed to identify favorable conditions for egg development and larval growth.
Based on our physiological data, we suggest that in the Caspian Sea Beroe ovata is able to grow and ingest Mnemiopsis leidyi intensively and decrease its abundance sharply. The narrower limits of tolerance to salinity are typical for initial ontogenetic stages in marine organisms (Sarantchova 2001) . During ontogenesis the salinity range generally becomes wider. In our experiments, B. ovata larvae could be more sensitive to the lower salinity of the Caspian Sea compared to adult ctenophores, and this could be one of the other reasons for the failure to grow larvae in our experiments. However, we strongly think that mainly the poor handling (i.e. the back filtration method used to separate the larvae) must have caused this failure.
It is worthwhile noting that some other studies (e.g. on parasites, feeding with other native organisms, mod- 35 Olesen et al. (1994) eling etc.) relating to the possible impact of this potential intentional introduction are still necessary. If the results of these studies are also convincing, the predator Beroe ovata would be a vitally important bio-control agent against Mnemiopsis leidyi, which causes immense ecological and economical problems in the Caspian Sea. Our results presented here are therefore important as a first step in indicating the feasibility of this introduction.
